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Abstract 
This study determines the awareness and knowledge of stakeholders on the required building materials information in 
Malaysian building adaptation projects. The projects may involve non-green hazardous substances hidden in the 
building materials used. These substances pose dangers to health and safety, disturbing the environment and affecting 
the projects’ turnover. Literature reviews on building adaptation and building materials information management 
found that vital information are seldom available. Interviews to 16 experienced stakeholders support findings on lack 
of awareness and information on existing building materials that may contain hazardous and toxic substances. Thus, 
building material information is critically required for future sustainability. 
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1. Introduction 
There is limited study on the extent of stakeholders’ awareness of the existence and risk of building 
materials (Willem & Singer, 2010). It is also difficult to find related studies on the degree of knowledge 
and action regarding managing building materials in building construction and adaptation projects. 
Existing building will undertake at least one building adaptation exercise such as alteration, upgrading, 
conversion, refurbishment, renovation or building conservation (Douglas; 2006) throughout its life cycle. 
It may involve small modification to the building’s physical functions or capacity or may only involve 
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external decorative makeover. Although the project cost may not be as high as constructing a new 
building, the construction work is more complicated (Bullen & Love, 2011; Douglas, 2006; Halliday, 
2008; Hes, 2005). The related construction activities have been found to cause negative impacts to 
sustainability. Some have caused stress to people, polluting the environment, lowering project 
performance, quality and profit of the related construction business industries. The works have been 
accused as one of the main contributors to the current global warming issues, pollution and accidents. In 
reality, this industry actually has many unique problems and requirements on its own. The processes for 
building adaptation are more complex. Therefore, any individual involved in the projects must understand 
and know more of the risk and safety of their work. As according to Fawcett (1982) in Crowl & Louvar 
(2002), “to know is to survive and to ignore fundamentals is to court disaster”. 
Stakeholders such as building owners, employees, consultants, and contractors are involuntarily 
exposed to hazards and risks from hazardous/ toxic non-green building materials. The projects may also 
involve occupants and those in close proximity (Anumba et al., 2006). Paracelsus in the 1500s stated, 
“All substances are poison; there is none which is not poison. The right dose differentiates a poison and a 
remedy” (Crowl & Louvar, 2002). Various synthetic chemicals and quantities are used in the 
industrialised building materials. Thus, stakeholders must be knowledgeable about the building materials 
they use. The concept of green and sustainable building in the global construction industry have made 
people to be more aware of the vital issues related to harmful building material usage (Akadiri, 2011; 
United Nations Centre for Human Settlements [Habitat], 1997). Unfortunately the current information on 
building materials and the effects are limited  (Levin, 2010). The chemical contents for building materials 
are not specific enough and sometimes not listed (Willem & Singer, 2010; Wilt, Monaco, Geibig, & Hite, 
2011). Are the stakeholders in the Malaysian building adaptation industries aware of these issues? Are 
they informed and knowledgeable about building materials? 
This study aims to determine the awareness and knowledge of the stakeholders on building materials 
used in higher education institutions building adaptation projects in Malaysia. The first objective reviews 
the issues of building materials in building adaptation projects. The second objective examines the level 
of awareness and knowledge of selected respondents on building materials in adaptation works. Further 
inquiry will be on how the stakeholders manage the said situations.  
2. Risks of Building Materials in Building Adaptation Projects 
There are more requests on building adaptation that supports “Green building movement” and 
“Sustainability”. Market reports indicate a large percentage of existing building stocks are undergoing 
some form of building transformation and adaptation (Brandt & Yong 2011; GBI-Research 2010; 
Working Group for Sustainable Construction, 2001). It is expected that demands for building materials 
will increase tremendously. Scientific research revealed that some of these building material substances 
may cause negative effects to health, the environment and the economy (Cassidy (Ed.), 2003; Tibbetts, 
2002; Wilt et al., 2011). There are well documented studies with proper mitigation programmes on 
asbestos, lead, bitumen, Polychlorinated Biphenyls (PCB), Synthetic Mineral Fibres (SMFs) and others. 
Some of these building materials are non-hazardous during normal use as they are stable and in 
encapsulated form. Yet, there are still many studies to be conducted on other unknown and hidden effects 
of building materials. More new innovative building materials are produced. Some may claim to be non-
toxic and environmentally friendly, others are certified as green products and some even self-labelled 
their goods as green. Are they safe? These may still be and will be the research question of current and 
future research for recommended alternatives for non-green hazardous and toxic building materials that 
affect human and the environment. There are possibilities that the present so-called ”green” and 
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“sustainable”  building materials that are claimed to be harmless to human health may be found to be 
hazardous in the future due to the advancement in science and medical technologies.  
The construction process of building adaptation may require demolition, dismantling, removal of 
materials, cutting, drilling, grinding cementitious building materials and even sweeping the workplace. 
They may involve hazardous and toxic contents such as friable asbestos ceiling sheets, lead paint, silica 
dust, organic solvents and others which can be high-risk activities. These activities resulted in excessive 
levels of dust and fumes that are potentially very hazardous. Some of these materials may also contribute 
to fires, explosions and other accidents if not stored or handled appropriately. Habitat (1997) advocated 
the adoption and enforcement of effective strategies and regulations to reduce the adverse impacts to 
sustainability. It is also recommended to apply advanced technologies, improved design and modified 
practices in building construction activities. This has led to various studies on health hazards related to 
selected building materials by leading experts and agencies (Habitat, 1997). 
3. Adverse Effects of Building Materials 
The Construction Industry Development Board Malaysia [CIDB] (2008) defined “Hazard” as “a 
source, situation or act with a potential for harm in terms of human injury or ill health, or a combination 
of these”. CIDB further defined “Risk” as “a combination of the likelihood of an occurrence of a 
hazardous event with specified period or in specified circumstances and the severity of injury or damage 
to the health of people, property, environment or any combination of these caused by the event”.  
Building adaptation and construction stakeholders need to be aware of any non-green building 
materials and the risk of exposure in their buildings and workplace. Some of these building materials have 
been found to cause chronic illnesses (Douglas, 2006; Tibbetts, 2002) as shown in Table 1. The risks may 
range from being exposed to materials that are only irritants, or can be toxic with short-term or low-level 
exposure and even those that can be carcinogenic for a long period (Spiegel & Meadows, 2010; Willem & 
Singer, 2010) that lead to death. For example, scientific reports indicated some consumer paint samples 
such as in Malaysia, greatly exceeded lead safety levels and it is not controlled (Clark et al., 2006).  
These materials are harmful both to the inhabitants of the buildings and to the general air quality. Poor 
affected health conditions may result in loss of concentration at work and fatigue that may increase the 
risk of accidents. It may cause higher sickness absence from work and incur higher medical bills 
(Sirajuddin et al., 2001). The effects of these hazardous and toxic substances could be long-lasting and 
they could be transmitted to other parties or locations. They can enter through inhalation (mouth or nose 
into lungs); ingestion (mouth into the stomach); injection (cuts into the skin) and through dermal 
absorption (kin membrane). Studies showed that secondary victims such as family members are also 
affected by harmful dust left on the worker’s clothes that were brought home (Sen et al., 2002; Whelan et 
al., 1997). It was also reported that the inhalation and dermal routes are the most significant to industrial 
fatalities (Crowl & Louvar, 2002). There are also cases of cancers, asthma, reproductive problems and 
even worse, death. Unfortunately, Occupational Safety and Health Act (OSHA) standards do not protect 
workers, occupants, family and their developing children from all of these adverse effects of the harmful 
non-green building materials. 
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Table 1. Effects of building materials and their treatment in adaptation work 
Substance Uses Risk Adaptation Response Note 
Asbestos Ceiling materials, drywall 
board, taping compound, 
linoleum, vinyl floor tile, 
insulation, boilers, pipe 
covering, plaster, glazing & 
caulking compounds, 
adhesives, acoustical materials, 
fireproofing insulation, and 
exterior siding materials.  
Can cause cancer, a 
respiratory irritant and 
chronic obstructive 
pulmonary disease 
(COPD). 
The presence should be 
noted on plans and 
indicated on an asbestos 
register. Safe handling 
using licensed, specialist 
contractor is essential. 
A ban on asbestos is 
necessary. Existing 
asbestos-containing 
material need to be 
managed. 
Asphalt Sealant, in adhesives, and in 
many roofing materials, siding 
and concrete works.  
Asphalt fumes are a 
respiratory system, eye and 
skin irritant. Prolonged 
exposure can cause cancer. 
Proper use of respirators 
and Personal Protective 
Equipment (PPE) to 
protect workers from 
asphalt burns and irritation. 
Flammable and can 
lead to potential fires 
and explosions. 
Cadmium Rust inhibitor on hardware, 
pigments in plastics, ceramics, 
glasses, enamels, coatings on 
steel, aluminium, and certain 
other non-ferrous metal 
fasteners and moving parts. 
Can cause cancer. Recycling cadmium 
coating wastes and 
products for recovery of 
cadmium. 
 
Building indoor dust is 
a major source of 
exposure to cadmium. 
Formaldehyde 
Volatile organic 
compound 
(VOC) 
Binders for plywood, 
particleboard, and fibre glass 
insulation.  
Can cause cancer, 
headaches, asthma, and 
depression. 
Seal gaps with suitable 
mastic filler to prevent 
escape fumes. 
Off gas substance into 
the indoor 
environment 
Fibre glass Insulation and reinforcement 
in plastics 
Eye, skin, and respiratory 
irritant 
Seal with polythene 
sheeting or replace with 
polythene coated glass 
fibre insulation. 
Produced in two basic 
forms: wool-type 
fibres and continuous 
filament. 
Lead Paint, solder, connectors, roof 
flashings, and in fasteners. 
Risk of inhalation can 
cause cancer through 
damage of kidney, nervous 
system, and other organ. 
Carefully remove and 
replace with a safe 
alternative option. Proper 
use of PPE. 
Lead and all of its 
compounds are toxic 
and cannot be made 
nontoxic. 
Plumbing pipes Risk of contamination of 
drinking water. 
Replace with alternative 
pipework (copper or 
polyethylene). 
Mineral wool  Insulation, reinforcement in 
vinyl composition floor tiles.   
Eye, skin, and respirator. Proper use of respirators 
and PPE to protect workers 
from acrid odour and high 
concentrations of gasses. 
May contain silica and 
asbestos. 
Polychlorinated 
biphenyls 
(PCBs) 
Electrical transformers, light 
fixture ballasts, and in other 
electrical equipment. 
Accumulative toxins and 
cause liver and skin 
problems, organ damage, 
and other disease. 
Proper  protective 
measures; minimise  
producing dust and heat 
during work; proper 
disposal of waste materials 
May accumulate in 
fatty tissues. 
Radon Soil, rock, and almost any 
building material made from 
natural substances.  
Can cause lung cancer. Proper  protective 
measures 
Natural product of 
decaying uranium. A 
radioactive gas occurs 
naturally in the 
ground. 
Silica Brick, sand, ceramic tile, 
concrete, stone, Portland 
cement, and other materials 
made of stone or earth. 
Respiratory irritant caused 
by respirable silica.  
Proper  protective 
measures 
Long-term exposure 
can cause chronic 
obstructive pulmonary 
disease and linked to 
lung cancer. 
(Source: Isnin, 2012) 
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4. Awareness and Knowledge on Hazardous/Toxic Building Materials  
In the subject of managing probable existence of hazardous/toxic building materials in building 
adaptation project, “awareness of a stakeholder” implies that the individual has heard of it, and has some 
idea of the related hazardous/toxic building materials in any of the working process from preliminary 
design until maintenance stages. The individual is adequately informed about a subject and he/she is 
conscious of its existence and its broad subject matter. On the other hand, “Knowledge” requires a 
theoretical or practical understanding of a subject. Knowledge of probable hazardous/toxic building 
materials implies that the individual could demonstrate some understanding of the detailed requirement 
and specifications on managing or handling of these building materials at any stages in building 
adaptation project.  
Therefore, awareness of the effects and knowledge to manage and prevent these risks are important. 
Through awareness and knowledge on the existence of any hazardous /toxic substances, proper mitigation 
and prevention plan could be made to ensure the safety and health of employees and other stakeholders. 
The planning could as well protect the environment. They require safe execution that could be 
complicated and very technical thus requiring expert assistance (Anumba et al., 2006). Careful planning 
and execution by competent contractors are therefore necessary. Any construction risk relative to certain 
events or activities is closely linked to awareness of the stakeholders (Zou et al., 1993). The awareness 
level could be used to assist the construction players and related individuals to become conscious to any 
potential problems to human and the environment (Hungerford & Volk, 1990 in Keith, 2011). 
5. Methodology 
In order to gauge the awareness and knowledge of these stakeholders on issues of building materials in 
building adaptation projects, a preliminary study was conducted to selected experience stakeholders. 
Theoretically, people will relate to certain events from their own life and experiences (Finger, 1994 in 
Keith, 2011). Project consultants are responsible to use their knowledge and skill for the safety, health, 
and welfare of the workers and public in their performance of professional duties. In Malaysia, building 
adaptation projects may be designed and managed by in-house personnel or consultants. The building 
contractors may be from different competencies, experiences and business capitals. These stakeholders 
may be as competent as the construction players for new mega-building projects, whilst some from the 
smaller establishments or the less experienced contractors may have little technical knowledge or no 
professional qualification. Regardless of the stakeholders’ competencies and size of their organisations, 
appropriate precautionary measures should be carried out to avoid unforeseen casualties for any amount 
of building adaptation projects. It is important to have adequate knowledge and prior information on the 
hazards and risks of building materials before construction begins.  
Useful feedbacks from these experienced stakeholders will inform on the process of managing 
building materials and the mitigation plans. Reviews of literature survey became the backbone of this 
research. Semi-structured interview was used as the primary data gathering technique. The respondents 
were interviewed about (i) their awareness on the existence of dangers posed by hazardous and toxic 
building materials, and (ii) their knowledge level of building materials management.  
5.1. Research design 
A standardised survey interview questionnaire approach was used to code the responses to each item in 
the questionnaire. The standardised answers will reduce the level of ambiguity, and lessen the needs to 
remember the particular context of the interview, or other responses.  The face-to-face interviews were 
48   Zarina Isnin et al. /  Procedia - Social and Behavioral Sciences  68 ( 2012 )  43 – 52 
carried out to ensure the respondent understood the questions and any clarification could be answered on 
the spot. Most importantly, the response to the questionnaire can be obtained right after the interview 
session ends to ensure maximum results.  
For each interview, a brief introduction about this research including a short discussion was carried out 
at the beginning. The reason is to eliminate any potential bias response that could affect the reliability and 
validity of the survey data (Robson, 2002). Each interview normally took about one to two hours and 
written records were made accordingly during these sessions. The interviews were also tape-recorded 
after obtaining permission. However, the tapes are kept as record but not transcribed verbatim. The 
interview questions were divided into two sections and consisted of 30 questions. Section A consisted of 
12 questions: six questions measuring the background information of the respondent and six questions 
focusing on the experience related to building adaptation projects. Section B was designed to identify the 
awareness and knowledge on non-green building materials and management of risk. The Statistical 
Package for the Social Sciences (SPSS) version 19 was used as the data analysis tool. Descriptive 
statistics were computed for continuous variables and some of the results are represented using graphical 
charts. 
There were several constraints during the interview. Firstly, each survey interview was required to be 
completed as short as possible due to the tight schedule of the interviewees. However, the interview 
should collect a great deal of information to achieve the research objectives. Secondly, during the 
briefings, respondents were encouraged to respond with a ‘don’t know’ answer rather than make a guess 
at a factual question if they did not know the answer. It has to be repeated during various stages of the 
interview and they were also informed that a ‘don’t know’ was a more valid answer than a guess answer. 
5.2. Respondents 
The sample for the study was selected from stakeholders involved in building adaptation projects in 
Klang Valley, focusing on those involved in tertiary education institutions. Interviews were carried out 
with five representatives of Facilities Management offices comprising of heads of departments with 
architectural, engineering and quantity surveying backgrounds, three consultants (architects and interior 
designer), six technical personnel and two building adaptation contractors. The respondents represented a 
broad spectrum of the building adaptation profession. There are 16 respondents in total. 
6. Findings and Discussions 
Seven respondents are in the management level comprising professional architect, directors, head of 
departments and senior officers with degree education and above. Two technical assistants and a 
contractor are diploma holders, two senior technicians and three technicians with certificate holders and 
one senior technician respondent whose education level was marked as others. Eleven respondents are 
male and five females. More than two thirds or eleven respondents have related working experience in 
building adaptation projects between three to ten years. Two respondents have experienced between 11 
and 15 years and three respondents have more than 16 years experience. None of the respondents worked 
less than three years. Result shows about two thirds of respondents have carried out more than ten 
building adaptation projects, a quarter have done between six and ten projects and one respondent has 
done less than five projects previously. More than 87% of the respondents have done projects amounting 
between RM200,001 and RM500,000, whilst 50% of the respondents have carried out projects that cost 
more than RM2 million. 
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6.1. Awareness on the presence of hazardous/toxic containing building material 
The respondents were asked whether they acknowledge the presence of any hazardous/toxic containing 
building material at their working site (Table 2). Five respondents were aware of the existence of some 
form of hazardous or toxic building materials. Asbestos ceiling sheets from older buildings and 
chlorofluorocarbon (CFC) in air conditioning units were some of the answers given. Four respondents 
reported that their sites have no hazardous/toxic building materials because there was no asbestos 
contained material present. Seven respondents do not know or were unsure.  
Table 2. Awareness on existence of hazardous/toxic material on site 
Awareness on existence of hazardous/toxic material on site 
 Frequency % Valid % 
Yes 5 31.25 31.25 
No 4 25 25 
Do not know 7 43.75 43.75 
Total 16 100 100 
 
They were then asked in detailed on the list of materials and chemicals used, produced or released at 
any time during the construction. Fig. 1 illustrates the responses obtained for the listed probable 
hazardous/toxic substances that may be found on the construction site. The results showed that the 
majority of respondents do not know whether the listed materials are used, produced or released during 
construction. Some respondents have never even heard of the scientific terms as outlined in the 
questionnaire.  
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Awareness and knowledge of the existence of building materials and contents used, produced or released at 
any time during the construction 
More than two thirds of the respondents reported that as-built drawings, specifications for building 
materials, construction details and bill of quantities were unavailable before construction work began 
although these are vital information. Most respondents also have limited awareness and knowledge on the 
existing information of building materials. This finding also supports studies by Ali (2010) and Ali et al. 
(2009). According to their studies, client, consultants and contractors have limited knowledge on the 
existing building. Based on the “Malaysian Standard on Code of Practice for Demolition of Buildings - 
[10D022R1 F]” (2010), it is necessary to carry out an exhaustive investigation before any physical work 
can start. Risk exposure and maintenance requirements during construction work need to be considered. 
The investigations require reliable information of the building. Information such as as-built drawings, 
building materials specification, schematic drawings, history of building, maintenance records and 
0
2
4
6
8
10
12
Do not know
Exist
Do not exist
50   Zarina Isnin et al. /  Procedia - Social and Behavioral Sciences  68 ( 2012 )  43 – 52 
building history are required. However, 11 respondents acknowledged that some of the documents are 
often found to be inaccurate. Modifications have been made to the space. The changes may be due to 
maintenance or unrecorded alterations carried out by end-users. 
6.2. Knowledge on building adaptation management  
The respondents were asked on actions taken before building adaptation process begins. All 
respondents agreed that visual survey and inspection of the working site are usually performed before any 
demolition or dismantling work is carried out. It is based on the requirements outlined by acts and 
regulations to ensure a safe construction site. Furthermore, it is to ensure that no unexpected work is done 
that will create additional cost and may extend completion time. Visual inspection and survey of the site 
and surrounding area are conducted according to a checklist. Any defects, damages of the area, potential 
disturbances or risks of the proposed adaptation area will be noted. Two respondents said that the 
inspection findings need to be recorded and documented.  
Building adaptation work involves different types of activities that are done concurrently by different 
trades of workers at the site. They are often done in confined and congested spaces. Work is often done 
manually by the construction workers. The working area is usually surrounded with tools, new building 
materials and construction debris. The construction players are responsible to ensure that safety and 
health of the construction site conforms to legislation requirement, approved standards, code of practice, 
guidelines, specifications and contractual requirements. In Malaysia, they should be in accordance to the 
Occupational Safety and Health (OSH) management procedures, Factories and Machinery Act, the 
Malaysian Construction Industry Standards (CIS) and Uniform Building by Law (CIDB, 2008). 
Inspection and survey are required before any building adaptation or demolition work is carried out 
(Department of Standards Malaysia, 2010). It is the most critical aspect to identify and examine how 
these structural elements will be removed to eliminate any unplanned collapses or unforeseen problems 
during construction. The survey and plan are updated as the project progresses.  
What about inspection and survey of hazardous building materials? Is it a mandatory requirement? 
According to studies, it is important to locate and describe any potential hazardous and toxic building 
materials in the proposed building adaptation area (Department of Standards Malaysia, 2010; Guy & 
Gibeau, 2003). The inspection may be carried out within wall cavities and enclosed building structures to 
find hidden materials. It may require partial destruction of the finishes before the actual building 
adaptation project and is usually done whilst the building is not occupied.  These pieces of information 
could assist in the tendering process for the removal of non-green building materials from the building 
before work starts. The findings could eliminate the risk of exposure to workers and the surrounding 
environment.  
However, based from the interviews, there is no survey or inspection made on suspicious 
hazardous/toxicology of building materials either on the existing site or for the proposed new project. 
Inspection seldom involved partial destruction to find uncertain contents of concealed materials although 
these findings could eliminate the risk of hidden dangers to stakeholders.  
6.3.  Knowledge on the removal of suspected hazardous/toxic contained building material 
Reference to the Occupational Safety and Health Act 1994 (2010), risk assessments are required to 
identify specific threats to health or safety in the workplace. The assessment shall include investigating 
any possible presence and usage of hazardous/toxic building materials on site. Proper management plan 
of building materials that may involve non-green contents could reduce any potential adverse effects of 
building adaptation project. A systematic process involves identification of roles and responsibilities of an 
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organization to manage the building materials. From the inspection findings, risk assessment will be made 
and methods of controlling the risk exposure will be proposed. Other threats such as dust, waste 
collection and removal of suspected materials are also significant problems that need to be considered and 
controlled when planning any demolition and adaptation work. The proposal for controlling risk will 
influence the method of carrying out the job. This risk control procedure could provide important 
information and communication tool pertaining to health and safety for the stakeholders in the building 
adaptation project.12 respondents (75%) reported that they have no knowledge on proper removal of 
hazardous/toxic building materials. Four respondents comprising of professional architect, designers and 
client representative with more than ten years’ experience said yes. The knowledge of proper removal of 
any suspected or non-green hazardous/toxic building should be based on the recommended procedures 
such as separation of waste, proper removal techniques and the removal should be done by certified and 
authorised personnel. Contractors usually do not plan their construction work properly (Ali, 2010; 
Anumba et al., 2006) despite the work being more complicated (Douglas, 2006). For this study, client and 
consultants also have limited knowledge on proper management of building adaptation projects that may 
involve non-green building materials. 
7. Conclusion 
Good decisions can only be made based on accurate information. From the study, building adaptation 
projects encounter many challenges especially when dealing with information on the existing building 
and space as well as building materials. The results from interviews with selected experienced building 
adaptation players showed that most of them lack awareness and knowledge on probable existence of 
hazardous and toxic building materials. However, since this is a preliminary study to gauge the awareness 
and knowledge of a small sample of respondents, the findings may not reflect the overall scenario of the 
building adaptation stakeholders. Further studies need to be done to test larger respondents for more 
accurate results. Risk control procedures are required to be carried out since a large percentage of 
building materials found today consist of hazardous and toxic contents that can cause chronic health 
problems to stakeholders. Documentation of completed project is required as the information will be used 
for any future building adaptation project. The information and specification could then be extended and 
modified to include any new requirements and amendments on any inconsistencies or redundancies. 
Although many of these building materials are hidden under the superficial interior designed space, 
important information are required to ensure the safety and health of human beings for future 
sustainability. Most importantly, prior information on building materials may prevent unforeseen chronic 
diseases that could lead to death. 
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